Sichuan basin, situated in the west of China, is the fourth biggest basin in China. In order to describe a systematic study of the cry2-type genes resources from Bacillus thuringiensis strains of Sichuan basin, a total of 791 Bacillus thuringiensis strains have been screened from 2650 soil samples in different ecological regions. The method of PCR-restriction fragment length polymorphism (PCR-RFLP) was used to identify the type of cry2 genes. The results showed that 322 Bacillus thuringiensis strains harbored cry2-type genes and four different RFLP patterns were found. The combination of cry2Aa/cry2Ab genes was the most frequent (90.4%), followed by cry2Aa (6.8%) and cry2Ab alone (2.5%), and only one novel type of cry2 gene was cloned from one isolate (JF19-2). The full-length of this novel gene was obtained by the method of thermal asymmetric interlaced PCR (Tail-PCR), which was designated as cry2Ag1 (GenBank No. ACH91610) by the Bt Pesticide Crystal Protein Nomenclature Committee. In addition, the result of scanning electron microscopic (SEM) observation showed that these strains had erose, spherical, bipyramidal, and square crystal. And the results of sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) demonstrated that these strains harbored about one to three major proteins.
INTRODUCTION
Bacillus thuringiensis (Bt) is a typical aerobic, Grampositive bacterium. During sporulation, Bt produces one or more insecticidal crystal proteins, Cry and Cyt, encoded by the cry and cyt genes, respectively (20) . Up to July 2009, the Cry toxins had been classified into 59 families (i.e., Cry1 to Cry59) based on their amino acid sequence homology Isolation and screening novel Bt strains, and cloning novel insecticidal genes are efficient ways to resolve these problems.
The cry2 genes mainly encode 65-70 kDa proteins, which occur as cuboidal inclusions in many Bt strains (9; 18) . Some researchers reported that Cry2-type proteins were different from Cry1-type not only in structure, but also in pesticidal mechanism (8; 16; 21) , which can be used as the beneficial gene resource for insect-resistant transgenic plants (4). Many PCR-based methods have been developed to detect cry2-type genes (3; 14; 24). Sauka et al. (19) have established a PCR-RFLP method to describe the distribution of cry2-type genes profiles from Argentina and one novel cry2-type gene was found in their collections. However, to our knowledge, there was only two work described the distribution of cry2 genes of China (24; 25) and no systematic research on the type of cry2 genes.
Sichuan basin, the fourth biggest basin in China, is a special area with complicated geomorphology, characteristic of mountain, gorge, highland, hurst, glacier, and plain, and contains a rich and unique biodiversity (13) . These distinctive features and diversity of insects provide the opportunity of isolating novel entomopathogenic bacteria, so it is most possible that some novel cry2 genes or special Bt strains may be found. Our lab had surveyed the distribution of cry gene in Sichuan basin (25) . In the present study, we specially identify the distribution of cry2 genes and the type of cry2 genes in this basin. Furthermore, a novel cry2-type gene was cloned and designated as cry2Ag1. In addition, Bt strains harbored cry2 genes were further characterized by SEM observation, SDS-PAGE analysis, and the testing of insecticidal activity. The results of insecticidal activity showed that these strains exhibited a wide range of insecticidal spectrum toxic to Dipteran (Aedes aegypti) and Lepidoptera (Pieris rapae Linnaeus, 1758) pests.
MATERIALS AND METHODS

Bacillus thuringiensis strains and Plasmids
In total, 2650 soil samples were collected from different regions with unique geographical features in Sichuan basin and 791 isolates were identified as Bt based on the production of parasporal crystals (Table 1; 
Evaluation of insecticidal activity
These strains were tested against Pieris rapae Linnaeus, 1758 (Lepidoptera), and Aedes aegypti (Diptera). These larvae used in this study were reared in our lab. The bioactivity assay against Pieris rapae Linnaeus, 1758 was performed as described by Song et al. (22) . The first-instar larvae were placed into 100 ml dechlorinated water.
Six concentrations (1µg/ml to 100µg/ml) of the sporecrystal complexes were incorporated into their artificial diet.
Insecticidal activity of mosquitoes was assayed as described by
Ibarra et al. (10) . Early four-instar larvae were placed in 100 ml dechlorinated water. Ten concentrations (0.0625 µg/ml to 32 µg/ml) of the spore-crystal complex were added. Larvae were incubated at 28 and examined after 24h. Thirty larvae were used for each treatment. Each treatment was replicated three times. The mean 50% lethal concentration (LC 50 ) was estimated by the software SPSS10.0.
RESULTS
Identification of the distribution of cry2 genes and the type of cry2 genes by PCR-RFLP. In the total 791 Bt isolates, 322
amplification products approximately 1.5 kb were obtained using the primers II (+) and II (-), which indicated that these Bt strains contained cry2 genes. Based on different topographic feature and vegetation, the isolation rates of strains containing cry2 genes were different (Table 1) , which revealed that the distribution of Bt strains with cry2 gene are diversity in different typically ecological regions. Table   2 ), which revealed that a novel cry2-type gene could be found in the this Basin. Overall, the combination of cry2Aa/cry2Ab
genes was detected in 291 Bt isolates (90.4%), the cry2Aa and cry2Ab genes alone were found in 22 (6.8%) and 8 (2.5%) Bt isolates, respectively, and the novel PCR-RFLP profile was only found in JF19-2 ( Figure 1 ; Table 1 M, D2000 ladder marker. 
Characterization by SEM and SDS-PAGE analysis
Bt strains harboring cry2-type genes produced erose, bipyramidal, square, and spherical crystal inclusions under the phase contrast microscopy and scanning electron microscopy observation ( Fig. 2A) .The SDS-PAGE analysis of their sporecrystal suspensions revealed that there were four different protein profiles, which had one or two major protein bands with the molecular weights ranged from about 60 kDa to 130 kDa (Fig. 2B ). All the results showed that there were diversity among potential novel Cry toxins profiles in Sichuan basin and some strains may contain other Cry proteins besides Cry2-type proteins. 
Insect toxicity assay
The result of bioassay showed that the tested Bt strains were toxic to Lepidopteran and Dipteran pests (Table 3) .
Particularly, the JF19-2, which contained cry2Ag gene, had the highest insecticidal effects against Aedes aegypti and pieris rapae Linnaeus, 1758. Note: " # ", at this concentration, no mortality was obtained; CI*, confidence interval.
DISCUSSION
In this paper, the presence of certain cry2-type genes was Several researches on distribution of cry genes have been described in Asia (3; 5; 6; 17). But no systematic research about cry2 genes in China or basins was done, so it is of interest to determine the distribution feature of cry2 genes and identify the type of cry2 genes. In this paper, the presence of cry2-type genes was analyzed in 791 Bt isolates from different regions and vegetation in Sichuan basin as described by Sauka et al. (19) . The rates of strains containing cry2-type gene from different vegetation and ecological region were different (Table   1) , which revealed that the distribution of these strains are diversity in different typically ecological regions.
Sichuan basin contains four different types of cry2 genes, such as the combination of cry2Aa and cry2Ab, cry2Aa, cry2Ab, and a novel cry2A-type gene (Fig. 1) . The combination of cry2Aa/cry2Ab genes were the most frequent, followed by cry2Aa and cry2Ab alone, and a novel cry2-type gene alone was only in JF19-2 (Table 1) , which was conformed to the distribution features of Argentina (19) . But Ben-Dov et al. (3) found that Bt isolates from Israel, Kazakhstan and Uzbekistan containing cry2Ab alone were the most frequent, followed by cry2Aa/cry2Ab and cry2Ab/cry2Ac, which revealed that the distribution of cry2 genes in Sichuan basin was unique compare with other countries of Asian. The profile, cry2Aa/cry2Ab genes, was the most frequent kind in this study Characterization of genes of B. thuringiensis (Table 1) , which is consistent with a low diversity in the cry2 content of the isolates from our collection. It is possible that this combination of genes is common in nature, but the biological significance of this association has to be the still studied. And the strains harbored cry2-type genes were also characterized by the methods of SDS-PAGE and SEM. The results reveal that Cry2-type toxins profiles harbored in Bt strains in Sichuan basin were diversity and some strains might contain other cry genes (Fig. 2B) , which suggests that these strains may be promising Bt resource for the controlling of pests. Specially, we detected the insecticidal crystal protein genes harbored in strain JF19-2 by using all the primers based on the conserved regions of each class of cry and cyt genes as previously described by Sauka et al. (19) and Su (22) . But only one PCR product about 1.5 kb was obtained using the primers II (+)/II (-) (data not shown), which revealed that this strain may contain only one cry2 gene. It is consistent with the result of SDS-PAGE analysis ( Figure 2B ).
The insecticidal activity assay on some Bt strains harbored
Cry2 proteins were performed. The results showed that these strains exhibited a wide range of insecticidal spectrum toxic to Dipteran and Lepidopteran pests (Table 3) . Especially, JF19-2 exhibited highly larvicidal activity against Aedes aegypti (Diptera), and Pieris rapae Linnaeus, 1758 (Lepidoptera) (Table 3) , which conformed to the fact that Bt strains, contained cry2A-type genes, are successfully used as commercial products to control Dipteran and Lepidopteran pests in agriculture and medicine (12; 20) . Therefore, the strain JF19-2 with cry2Ag1, appears to be an alternative for controlling mosquitoes and crop pests, managing resistance development in insects, and insect-resistant transgenic plants in the future, so it will be worthwhile to make clear the insecticidal activity and insecticidal spectrum of the protein Cry2Ag1 in strain JF19-2. These works mentioned above are in the process of researching. 
